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Abstract
The thermodynamic analysis of the actual air cycle refrigeration is performed. The results show that, the factors on 
the performance of the actual cycle include the pressure ratio, the isentropic efficiencies of the rotors, working 
temperature and etc.; there is an optimal pressure ratio for the actual cycle; the refrigerator can be used for air
conditioning near the optimal pressure ratio. Those factors are important for engineering design.
Keywords : thermodynamic analysis; air cycle refrigeration system; pressure ratio; iengineering design; sentropic efficiency
1. Introduction
From an environment point of view air is one of the most interesting working fluids for heat pumps and 
refrigeration machines.[1] Air is everywhere available and totally free. Using air as refrigerant has enormous 
advantages over conventional refrigerants, many of which have harmful environmental effects, are toxic or are 
flammable. Air cycle systems have various advantages including inherent high reliability and ease of maintenance 
and they avoid problems associated with potential future legislation restricting the use of HFCs. Leakage is also not 
a problem with air cycle systems – they do not cause environmentally harmful emissions and their effect on system 
performance can be minimized by having automatic air top-up systems.[2] However, the general idea is that air 
cycles suffer from low energy efficiency, and which has prevented their use in conventional refrigeration. Today’s 
highly efficient turbo machinery, which was not available to early air cycle systems, has enhanced the performance 
of the air-cycle.[3]
2. Thermodynamic analysis of air-cycle refrigeration
Recently, with CFCs and HCFCs problem becoming pressing issues, air, as a natural refrigerant, 
has been attracting more and more attention.
The operating cycle used with air as a working fluid is the reverse Joule or Brayton cycle, which is shown in 
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Figure 1.
The cycle consists of four processes: air is compressed in the compressor causing its pressure and temperature
to increase(1-2); the air is cooled by transferring heat to a cooling medium in the high-pressure exchanger(2-3); the 
air is expanded in the expander, doing work on the surroundings and causing its temperature to decrease(3-4); the 
resulting cold air is used to provide cooling(4-1).
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Fig.1 Schematic diagram of the air cycle                                        Fig.2 T-s diagram of the air cycle
The theoretical cycle is depicted on T-s (temperature -specific entropy) diagram in Figure 2 as 1’-2’-3’-4’-1’.
The theoretical coefficient of performance (COP) of this cycle is defined as
1)(
1
)()( )/1(
1
24312
41

 


 
 kk
p
pTTTT
TT
COP
                                                                                             (1)
However, the actual compression processes for most compressors and the actual expansion processes for most
expanders are irreversible polytropic processes. And there are temperature difference and pressure losses in the 
actual heat transfer process. These factors make the performance of the actual cycle different from the theoretical
one. The analysis of the actual cycle is based on the following assumptions:
x The air is an ideal gas.
x There are no pressure losses in the heat exchangers.
x The temperature difference in the actual heat transfer process is taken into account in the exit temperature of heat 
exchangers.
Then the actual cycle is depicted on a T-s (temperature -specific entropy) diagram in Figure 2 as 1-2s-3-4s-1.
For simplicity, the overall isentropic efficiency, which is a widely used efficiency index for refrigeration 
compressors and expanders, is used to model the compressor and the expander for the cycle. The actual work per kg 
of air input to the compressor for the process 1-2 is calculated as,
wc= cp(T2a-T1Șc
where ˤ
                                                                                                                                         (2)
c
The actual work developed per kg of air for the expansion process 3-4 is given by,
is the isentropic efficiency for the compressor.
we= =cp(T3-T4aȘe
where Ș
                                                                                                                                       (3)
e
Net work input to the air cycle refrigeration system is calculated as
is the isentropic efficiency for the expander.
w0=wc-we= cp(T2a-T1)/¨c-cp(T3-T4aȘe
Net refrigerating effect per kg of air is given by,
                                                                                                       (4)
q0=h1-h4s=cp(T1-T4s)                                                                                                                                 (5)
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The coefficient of performance (COP) of this cycle can be calculated as
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The relationship between temperature and pressure for isentropic compression process 2-3 is 
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For the isentropic expansion process 3-4, The relationship between temperature and pressure is 
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Where pc, p0
If Ș
represent air pressure at inlet and outlet of turbine respectively, k is the ratio of specific heat at 
constant pressure to specific heat at constant volume.
c, Șe, and T1, T3, and pressure ratio are known values, T4s
T
can be determined by using Eqs.(3) as
4s=T3-(T3-T4a)¨e                                                                                                                                                                                                       
using Eqs.(6)-(9), COP of this cycle can be calculated as
(9)
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So the factors that may influence the COP of this refrigerating system include the pressure ratio, the 
efficiencies of the compressor and expander, and the outlet temperatures of the heat exchangers.
3. Results and discussion
The influence of the pressure ratio on the cycle COP for T1=.T3=. Șc=Șe= 0.85 is presented in Fig. 
3. It is seen that the COP of the theoretical cycle drops rapidly with the increase of the pressure ratio. However, it is 
also noted from Fig. 3 that there exists an optimal pressure ratio PRopt which gives a maximum COP for the actual 
cycle. As the pressure ratio is increased, the COP increases rapidly when the pressure ratio is less than PRopt᧨but 
decreases relatively slowly when the pressure ratio is greater than PRopt. Moreover, it is evident from Fig. 3 that the 
COP of the theoretical cycle is far bigger than that of the actual cycle. Therefore, in order to improve the cycle
performance, we should try to make the actual cycle close to the theoretical one.
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Fig. 3 Variation of COP and T4 along with the change of pressure ratio
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Fig. 4 and Fig. 5 show the effect of the isentropic efficiency for the compressor Șc and the isentropic efficiency 
for the expander Șe on the COP for T1=.T3=. at various pressure ratios respectively. The COP increases 
rapidly as the isentropic efficiency for the compressor Șc and the isentropic efficiency for the expander Șe is 
increased. The effect of the isentropic efficiency for the expander Șe is seen to be relatively important as compared 
with the isentropic efficiency for the compressor Șc.
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Fig.4 Impact of Șc on the COP of the cycle                                       Fig.5 Impact of Șe
The influence of the inlet temperature of the compressor and the expander on the COP for Ș
on the COP of the cycle
c=Șe= 0.85 at 
various pressure ratios is presented in Fig. 6 and Fig. 7 respectively. The COP is seen to increase gradually with the 
increase of the inlet temperature of the compressor but drop gradually with the increase of the inlet temperature of 
the expander. The effect of the inlet temperature is seen to be relatively small as compared with the discussed 
pressure ratio and the isentropic efficiency for the compressor and expander. The bigger is the pressure ratio, the 
smaller is the influence.
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Fig.6 Impact of T1 on the COP of the cycle                             Fig.7 Impact of T3
4. Concluding remarks
on the COP of the cycle
In this paper, a thermodynamic cycle analysis of air-cycle refrigeration system has been presented. It is shown 
that for an actual air cycle there exists an optimal pressure ratio that gives a maximum COP, which is different from 
the theoretical cycle. The analysis reveals that the COP of the actual air cycle mainly depends on the pressure ratio,
the isentropic efficiency of the compressor and expander, and the inlet temperature of the compressor and expander.
Among these parameters, the isentropic efficiencies of the rotors (the compressor and the expander) are more
influential, especially the isentropic efficiency of the expander.
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